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Abstract. Variation is a typical characteristic for food products because they consist of biological 
materials. Especially raw materials which are directly delivered from primary production to processing 
companies show considerable variation. Taking into consideration the raw milk hygiene, the large variation from 
the incoming materials will be a great importance for the stages of processing. A real control considering 
hygiene of the raw and pasteurized milk is very important for the consumer safety. At the same time a 
statistically method used for the analysis of the quality will establish the degree of the milk hygiene but also will 
increase the possibility to determine the out of control situations and also could become a basic part for the 
process of improvement. The effect of any improvement cannot be measured if the process is unstable and shows 
great variation. Also the extension of some statistically method for monitoring the hygienic control of the raw 
material will provide us with a useful tool for the next steps in processing. Therefore, being required a profound 
understanding of the sources of variation. In our case quality control must be considered a major process in 
obtaining hygienic products. 
 
INTRODUCTION 
 
Microbial milk contamination can generally occur from different main sources from 
within the udder, from the exterior of the udder and from the surface of milk handling and 
storage equipment. The health and hygiene of the cow, the environment in which the cow is 
housed and milked, and the procedures used in cleaning and sanitizing the milking and 
storage equipment are all key in influencing the level of microbial contamination of raw milk. 
Equally important are the temperature and length of time of storage which allow microbial 
contaminants to multiply and increase in numbers. All these factors will influence the total 
bacteria count and the types of bacteria present in bulk raw milk (Murphy and Boor, 2001). 
Controlling not only means inspection, but also taking corrective actions when the 
performance is not in compliance with specifications (Luning et al., 2002) The major aim of 
quality control is to produce a product that complies with targets within set tolerances. 
Quality control has been described as the ongoing process of evaluating performance and 
taking corrective action when necessary (Evans and Lindsay, 1996; cited by Luning et al., 
2002). It is generally considered as that part of the quality management system which is 
focused on operational techniques, and the processes applied to fulfil quality requirements 
(ISO, 1998). In this context, the manufacturing-based definition for quality is dominant, i.e. 
conformance to targets within specified tolerances (e.g. specified by designers or legislative 
regulations).  
 
 
 
MATERIAL AND METHODS 
 
 Bacteria numbers in milk are determined by testing the tank samples. These samples 
of the raw and the pasteurized milk were analysed daily between January and October. The 
samples were analyzed with Bactoscan equipment (provided by Bentley Company) for the 
measures of bacteria count present in the raw milk. After milk pasteurization, samples were 
again analysed for the determination of the bacteria count.  
By statistically Shewhart control chart it was established the hygienic variability of the 
milk. It was used the individuals control chart of two successive observations as the basis of 
estimating the process variability. The moving range is defined as: 
 
For the control chart for individual measurements, the lines plotted are:  
 
UCL = Upper Control Limit; LCL = Lower Control Limit;  is the average of all the 
individuals and  is the average of all the moving ranges of two observations. The value 
for d2 was taken from statistically tables. Taking into consideration the UCL and LCL was 
determined the process capability for both raw and pasteurized milk processes. 
 
RESULTS AND DISCUSSIONS 
 
 Considering the raw milk bacterial count it was observed that there is a direct 
correlation with the milk quantity analysed (figure 1).  
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Fig 1. Area graph of milk quantity and raw milk bacterial count 
After pasteurization the bacterial count decreases as it is illustrated in the Figure 2. This 
graph shows two box-and-whisker plots, one for each milk category raw and pasteurized.  The 
center lines within each box show the location of the sample medians. Outside points are 
points which lie more than 1.5 times the interquartile range above or below the box and are 
shown as small squares.   
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Figure 2. Boxplot of Raw and Pasteurised Milk Plate Count 
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Figure 3. I-MR Chart of pasteurised bacterial count
This figure 3 shows the moving ranges for each of the 258 measurements, where 6 
points are beyond the control limits. An additional 26 points have been flagged due to 
violations of runs rules. 
This process capability (Figure 4) was designed to compare a set of data against a set of 
specifications. The goal of the analysis is to estimate the proportion of the population from 
which that data come which falls outside the specification limits. 2,16 % of the fitted 
distribution lies outside the specification limits. Capability indices have also been computed 
to summarize the comparison of the fitted distribution to the specifications. Process 
Performance (Pp) and Process Capability (Cp) compare the distance between the specification 
limits to the area covered by 99.73% of the fitted distribution (6-sigma for a normal 
distribution). Pp, which in this case equals 0,76, measures long-term capability by calculating 
sigma from the standard deviation of the 258 data values. Cp, which in this case equals 1.00, 
measures short-term capability by calculating sigma from the average of the range or I chart.  
Process Performance Index (Ppk) and Process Capability Index (Cpk) compare the distance 
between the center of the distribution and the nearer specification limit to 3-sigma (or its 
equivalent for a non-normal distribution). In this case, Ppk equals 0.76, while Cpk equals 1.00. 
Indices of 1.33 or higher are normally considered to be good. Large differences between long-
term and short-term capability may indicate a need to better control the process.   
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Figure 4. Process capability of pasteurised milk 
The same procedure was used for the analysis of the process of obtaining raw milk 
(Figure 5). 2, 84 % of the fitted distribution lies outside the specification limits.  Capability 
indices have also been computed to summarize the comparison of the fitted distribution to the 
specifications.   
Pp and Cp compare the distance between the specification limits to the area covered by 
99,73% of the fitted distribution. Pp, which in this case equals 0,73, measures long-term 
capability by calculating sigma from the standard deviation of the 258 data values.  Cp, in this 
case was 1,00 and Ppk equals to 0,73, while Cpk equals 1,00.   
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Figure 5. Process Capability of raw milk bacterial count 
 
CONCLUSIONS 
 
Bacteria can lead to product quality and food safety issues. High bacteria levels can be 
caused by unclean equipment, improper sanitizing practices, inadequate udder preparation, 
mastitis infection or cooling problems. All these causes will have a great impact considering 
the hygienic quality o the processed milk. A statistically useful tool used for the analysis of 
the variability of the raw milk showed that is of great importance. From our research the 
difference between the two processes considering the fitted distribution which lies outside the 
specification limits was 0, 69 % and Pp value of the two process analysed showed a difference 
of 0, 03. Because the value of Cpk it is not relevant for the location of the mean in the interval 
from LSL to USL it was calculated the Process Capability Ratio (Cpm) which for the 
pasteurized milk was 0, 17 and in the case of the raw milk was 0, 52. The uses of process 
capability considering raw material proved to be a useful tool in the case of milk hygienic 
control. At the same time the study of variability for both raw and pasteurized milk 
established some control limit that could be used further in the process of improvement. The 
analyses of the out of control situations both from technological and managerial approach will 
keep in control the hygienic quality of the milk.  
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